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ABSTRACT

Biomass burning is an importantproces onthe Earthatthe local, 1egional and global
scale.. “1'0 investigate issues relatcd tobicinassbuining. A rangeoftemotely acquired data were
measured as part of the NASA Sinoke Clotd A rtosol audRadation experiment in Brazil, 1995,
As part of this experiment, images of colitnaedspect al radiance Lronys 400 to 2500 nm at 10 nm
intervals were acquired by AV11<1S.

To investigate the expression o1 hionass fiesin AVIRISspectra, a model of the
upwelling radiance from a burning f newasd . eloped  This spectiahmodel accounts for four
components in the 20 by 20 mAVIE ]\\1 talresolutonclement.  These arc: (1) the
atmospheric path radiance, (2) thesolarivficel dradiance from unburnt ve getation and soil, (3)
the apparent temperature and area of apiavhie, and (4) the apparenttemperature and area of
a secondary fire. A nonlinear least SquUates Spo tralfitong algorithnns was developed to invert
thi Smodel for the AVIRIS spectia. “The deriveibiomass butmng patamcters from this agorithm
are presented for AVIRIS spectral images acquined over Cuis b, Brazilon25 August1995.

INTRODUCTION

Biomass burning is an impor[ii ll proce ~s on the Earthat the local, regional and global
scale. At the local scale, destructionofhumaninfrastuctineisthe dominant concern. At the
regional scale, destruction of habitatandnodification of regional chimate are at issue (Kirchhoff
1989). At the global scale, production of carhondioxide (@ greenhousegas), modification of the
terrestrial carbon balance, and intioductionsofscrosolsinto the, atmosphere (direct and indirect
impacts on the global energy balance) wrcatinsue @ o vine, 1995) iomass burning occurs
unpredictably in detail around the globewhere tnereis dry \'cg',(ilza,li(mus a function of numerous
natural and human factors. B ecause of this gleh dand inter mittent natur ¢, asatellite or airborne
method to detect, measure and monitor bionsssurning and fireparancters IS desirable.

This paper describes an approsch 1o conive wange of biomass fire parameters from
spectra measured by NASA’s Anborne Visthle/Infrared Imaging Spectrometer (AVIRIS).
AVIRIS measures images of the upwelliny spcctral radiance fromn 400 to 2500 nm at 10 nin
intervals. Images are measured of 11 by up o 200 ki with 20 by 20 1m spatial resolution.

Biomass fires emit radianceasa ! inctonof temperatuie Spectra across the AVIRIS
range for Planck function emitted radianceove arange Of fire tainperatures arc show in Figure
]. The shape and intensity Of spect[ ally cnite  radiancevaniessuonglyover this spectral range
for these temperatures. This spectialscisitivity (o temperature was investigated with AVIRIS for
volcano hot Spols(Oppcnhe]mcxl()‘)ﬁ).lu,lw.maullm multi- spectial approaches to estimate
fire temperature and fraction wey cpuisiedpecviou sly (Dozier 19815 Prins, 1992). However,
there is additionalleverage onthese fire pe, metersinthe combined shape and  intensity
measured in the AVIRIS spectiam.
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Figure 1. Planck function emittedadiances: etrafor aratige ot {n ¢ wemperatare from 400 to
250011111.

A model of the radiance inGidenist AV IRIS for20 vy 20 nspatialresolution has been
developed. The model relies onithe M (1D RAN3 (Kneizys, 1988, Beirk,1989) radiative transfer
code for calculation of atmosphericpuacters. MODTRAN3 wasused to model the
atmospheric path radiance. A nwixwncddf ine. wured spectia of vegetation and soil were used to
represent unburnt components of thesuiad Phe Planck function was used to model th e
radiance cmitted by two fires having ditfoo temperatures sie arcal extents. This model was
linked of the simplex nonlinearlcastsquatesiiing alporithm (Press1986) to invert the AVIRIS
measured radiance for biomass fitc poamcters. Theslgorithmhasbeen applied to an AVIRIS
data set acquired near the city of (Tu:abs Bruzilonthe 25thol Aupust 1995, Results of the
application of this agorithm to thcCuisbadatisetare presentedinthispaper.

MEASUREMENTS

An image from the 500.5nmwuvelen: sregionfromthe AVIRIS August 25 Cuiaba data
set is shown in Figure 2. Several fues are boning withthemostprominent in the central left
portion of the image. The smoke plunie fio: the biomassfine is dominant at this wavelength
and trends towards the city of Cujabasn the Jower rig ht comnerof thesmase Yioures 3 and 4
show the spectral images at 1000.? nuard 210)(). Smnw(i\(l(n“,lhu,\p\(HV(‘ly. In the 1000.2
nm AVIRIS wavelength image, the smallerp aticle and less d crise portions of the smoke plume
are no longerevident and the highciteniporatreedges of the fnesarcshowing emitted radiance.
In the ?000.5 nm AV]RISWA\’L]LII“-[IJHI(Wlh( stoke plume islurgely transparent and the
entire burning area is evident thyoug! he fre emitted  radiance. T'hése effects arc shown
spectrally in Figure 5. The fust AV RIS wnectron of thenon burning vegetation at some
distance. from the smoke plume showsthe solarreflected vadiance due to absorption and
scattering in the atmosphere andre Hu rmmnhc surfuce. Thesnface vegetation absorption duc
to chIorophyII IS expressed between 680 and “20 mm in this spection,. The second spectrum  of




non burning vegetation in the smokeplumeshows hitde to noinfluence of surface reflectance
below 1000 nm due to the scatteringotsinore. Beyond 1000 nmthe influence of smoke
scattering is decreased and this specuum rescmbles the first vegetanon radiance. ‘1"he third
radiance spectrum from burning vegetationshowsthesinoke scattering effects below 1000 nm.
Between 2000and 2500 nm this spcectiornitbiisherintadiance thanthe non burning spectra.
This increased radiance results from the cinission of the fire. A full AVIRIS spectrum from 400
to 2500 nm for every 20 by 20 mspatic | el¢mes in Cuiaba datasct. These spectra provide the
basis for derivation of the fire temperatmicacs oxtent and associated parameters.

Figure 2. AVIRIS image at 500.5 mnoftiebiomassfiresatCuiabi, Brazil. Smoke particles are
scattering the solar radiance at this wavelongm,

Figure 3. image at 1000.2111171. At tlas wivelength the smoke ispenctiated. ‘I’he. blackened
burned arca is evident. At the fiingc of thebined arcaactivebmmning is apparent as radiance
emi t ted by the fire.
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Figure 6. Spectral fit from inversion of ticforwardiodel. Themncasured spectrum, model fit
spectrum and residual are shown. Fwo {1e omperatures and arcal extents were required to
model this measured spectrum.

This spectra] fire parameteralgorihny sapplicdtotheentite Cuiaba AVIRIS data set
covering 11by 20 km at 20 by 20mspetiarcolution. Jmages ofthe primary fire temperature
and areal extent produced by the. sl¢mithima shownin 1igures ‘i and8. Firesare mapped
throughout the 1mage with temperaturesianging from 500" °Kte 1700 °K. Smaller fires are
detected and mapped that wercnot vell ¢ » pressed in the 2000 .5 mn radiance image.
Temperatures of the smaller fires and the edger of thelarger fnes are typically higher than the
internal regions of the larger fircs. bire ticcuonal arcasrangefiom0.010 (). 30. The hotter,
smaller andedge fires show lowerfrastionextent  Thistempcerature and areal extent
distribution are consistent with the availstihyo unburnt fuelneathesinall fires and edges of
larger fire. This temperature aud:rcaleaten resultsareconstantwiththe biomass burning
process. Further more, the agreenentbetwoen the ,AAVIRIS measined 1adiance and physically
based model radiance of the fires supports the validity of this approach and algorithm for
deriving fire parameters from calibrated AVIRIS pectra,

The algorithm generated additions! im ;¢ parameters of the secondary fire and areal
extent for cach spectrum. Unbuint soil aad veges tion fractions as wellasestimates atmospheric
scattering attenuation by smoke was produced.
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Figure 7. Image of the derived dominant fue 1-mperature for AVIRIS Cuiaba spectra.

Figure 8. Image of arcal fraction of domme  fire for AVIRIS Cuiaba spectra. The units of this
image are pat (s per thousand.
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CONCI.US10ON

A spectral fire parameteral gorittin wa, developed to der i ve fne temperature and areal
extent information from calibrated spec . rnesured by AVIRIS asimages with 20 by 20 meter
spatial resolution. The algorithm isbuscdontas specual shape and inteusity of the fire emitted
radiance expressed in the AVIR 1S spe.ua. hires are spe ctially modeled as a primary and
secondary fire source in each AV IRIS ¢patialelement. Effects of anmospheric path radiance,
atmosphere transmittance, ant] solm 1efiected radiance from vubuint vegetation and soil are
accounted for. Good agreement is achicy cc berweenthemeasued aviR] s spectra and model ed
spectra of the algorithm, The spectealjne wernperatwe algonithn yys applied to a 11 by 20 km
AVIRIS image near Cuiaba, Brazil. ‘1 hespatieldistiibutions of the fue temperatures and areal
extents were consistent with the. biomass Iirning process. ‘1 hisalgorithm coupled with AVIRIS
data provide an improved strategy forder wvation of biomass firc paranncters. Remotely derived
biomass fire parameters are needed to detcct, 1 vasuie and monitor fires at the local, regiona and
global scale.

FUTURLE WORK

Future work will focus onvalidstonotihe derived biomass e par ameters. in addition,
the algorithm model will be extended o atlov Tor variationinwatcrvapor and carbon dioxide.
A sensitivity analysis will beperforned trunderstand theinfluence of the constraining
parameters to the modeled spectiun:.
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Figure 4. Image at 2000.5
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MODEL

To derive biomass burningputamecter, fromthe cabibiated spectra, a model of the
upwelling radiance incident a AVIRIS tietit juded fire emitedencrgy was developed. The
spectral radiance incident at AVIRIS{ionuliby 20 spatial clementis modeled as the sum of
the path radiance from the atmospherc: theteficcted radiance fiomunburnt vegetation and soil;
and the emitted radiance from two finesoarces Asimplified exprression of the model is given in
equation 1.

Lt=Lp+4lr41.bl + 1.b2 {h

Lt is the total upwelling spectianadin.e measured by AVIRI S fora 20 by 20 m spatial
resolution element. 1.pis the atinospherw pait radiance incidentat AVIRIS that has not been
reflected by the surface. 1.r is thereflectedigaance. Iris modeled oy tile wo way transmitted
from the sun for a mixture of vegctationandsol.lLblis the one way tansmitted radiance from
aPlanck function source for a given temperatare and arealextent. 1h2is the radiance from a
second Planck function source andarcalexiern:  The arcalextentof the solar reflected radiance
and the two Planck function radizncesovrcesareconstiaginedo avalue of 1.0. The reflectance
of the vegetation and soil were selected fiotnlibrary of preexisting field measurements. The
MODTRAN3 radiative transfer code wasused to provide the atinosphieric path radiance for a
range of hig hly scattering atmosphenic conditoms. MODTRAN3 was also used to calculate the
one way and two way transmittance of (tcatmosphere.  Arccent compilation of the
exoatmospheric solar irradiance wasuse |+ (Ganand Green,1995). Radiance emitted by the fires
was modeled by the Planck function. ‘1 he spectralregion fitby the model was limited to
waveleng ths greater than 1000 iy wihcethe smokescatteringis reduced and the fire emitted
radiance effect is strong. Theillumunatnsran fobseivationgeometyforthe model are based on
the time and place of AVIRIS dataacauwsinon

The model was linked to o downlb il wunplex ponlincar least squares algorithm (Press,
1986) and appliced to the Cuiaba AVIRIS dati set. Portions of spectia where AVIRIS saturation
occurred were excluded from the fiv Howeve: no spectra were fully excluded due to saturation.

ANALYSIS ANI) RESULTS

Figure 6 shows an example of the sporral fitfor asingle spectrum in the central Cuiaba
fire. To achieve a good fitforthis AV I RISmeaswedspecuum, emitted radiance from two
Planck functions with two tempaiatuie, and crcal extents wererequined. one at 1183 K and
0.04 fractional extent and asccondat6):  hoand ().42 fractionalextent. Also shown is the
radiance expected for a surface of 1O | feate e,



